Since the introduction of endoscopic sphincterotomy followed by endoscopic papillary balloon dilation (ES-EPBD) in 2003, 1 immediate and acute complications of this procedure have been well studied.
INTRODUCTION
for bile duct stone removal were included if they met all of the following criteria: 1) age >18 years, 2) first trial of ERCP (virgin papilla), 3) dilated common bile duct (CBD) with a diameter of ≥11 mm on a cholangiogram, and 4) follow-up period of ≥6 months either by review of medical records or by phone calls. Patients were excluded if they met any of the following criteria: 1) previous ES, 2) precut or infundibulotomy, 3) previous Billroth II operation, or 4) uncorrected coagulopathy. All patients gave written informed consent before undergoing ERCP for bile duct stone removal.
Endoscopic procedures
All ERCP procedures were performed under conscious sedation after intravenous injection of midazolam and pethidine. An Olympus EVIS system, JF-V, or TJF 200 series (Olympus, Tokyo, Japan) was used for ERCP. A generator with an automatically controlled cutout system (Endocut mode) was used for all ES. Selective bile duct cannulation was performed, and cholangiogram was obtained. After the assessment of number and size of bile duct stones and diameter of the bile duct, either ES alone or ES-LBD was chosen at discretion of the endoscopist. A pull-type papillotome (Autotome RX44; Boston Scientific Corp., Natick, MA, USA) was used for sphincterotomy. In the ES-alone group, ES was performed up to the major horizontal fold of the major duodenal papilla. In the ES-LBD group, ES was performed up to the mid-portion of the major duodenal papilla. Then, a wire-guided balloon dilation catheter with a diameter of ≥12 mm was used for LBD (CRE TM Wireguided; Boston Scientific Corp., Natick, MA, USA). Bile duct stones were removed with a basket or a retrieval balloon. A mechanical lithotripter was used when stones could not be retrieved after either maximal ES (in the ES-alone group) or balloon dilation after ES (in the ES-LBD group). After removal of bile duct stones, a 7 Fr nasobiliary catheter (Nagaraja Nasal Biliary Drainage; Wilson-Cook Medical Inc., Winston-Salem, NC, USA) was placed. Cholangiogram through a nasobiliary catheter was obtained one or two days later.
Outcome parameters
The following parameters were assessed and compared between the two groups:
• Patient characteristics • Bile duct stone characteristics: number, maximal diameter of the largest stone, type, requirement for lithotripsy • Complication rate: bleeding, hyperamylasemia, pancreatitis, perforation
• Stone recurrence rate • Risk factors of stone recurrence: CBD angle ( Fig. 1) , periampullary diverticulum, intrahepatic duct stone, common hepatic duct stricture, history of cholecystectomy, gallbladder stones left in situ, mechanical lithotripsy, CBD diameter after stone extraction
Definitions
Definitions of complications related to ES and ES-LBD were similar to those of Cotton et al. 7 Minor bleeding was defined as a decrease of at least 2 g/dL in the hemoglobin concentration and achievement of hemostasis during the same procedure. Major bleeding was defined as interruption of the procedure, clinical evidence of bleeding such as melena or hematemesis with a decrease of at least 2 g/dL in hemoglobin concentration, or the need for at least two units of packed red blood cell transfusion. Delayed bleeding was defined as bleeding that developed after the procedure. Procedure-induced hyperamylasemia was defined as an increase in the serum amylase level ≥3 times that of the upper normal limit without pancreatic pain and normalized serum amylase level within 2 days. Procedure-induced pancreatitis was defined as the development of pancreatic pain with an increase in the serum amylase level ≥3 times that of the upper normal limit lasting over 2 days. Early complication was defined as complication that developed within 72 hours after the procedure and in- cluded bleeding, hyperamylasemia, post-ERCP pancreatitis, perforation, and death. Late complication was defined as complication that occurred more than 72 hours after the procedure and included recurrent cholangitis, biliary pancreatitis, bile duct stricture, and cholecystitis. CBD angle was defined as the first angulation from the ampullary orifice along the course of CBD, and measured on the cholangiogram (Fig. 1) . 8 Bile duct stone recurrence was defined as presence of biliary pain and abnormal liver function test results and/or bile duct stone detected on an abdominal computed tomography scan.
Statistical analysis
Statistical analysis was performed with SPSS version 14.0 software for Windows (SPSS Inc., Chicago, IL, USA). Values were presented as median with range. Potentially relevant risk factors were assessed by univariate analysis with the chi-square statistic for categorical variables and simple logistic regression for continuous variables. Significant factors (p<0.1) from univariate analysis were included in a forward, stepwise multiple logistic regression model to identify the risk factors for recurrent bile duct stones. A p<0.05 was considered statistically significant.
RESULTS

Patients
There were 101 patients in the ES-LBD group and 121 patients in the ES-alone group. Baseline characteristics of the patients are summarized in Table 1 . There was no significant difference between the two groups except for age, presence of gallbladder stone and periampullary diverticulum, and follow-up duration.
Bile duct stones
Bile duct stones in the ES-LBD group were greater in number and larger in maximal diameter than those in the ES alone group (1.0 [ 
Complications
Complications related to ES and ES-LBD are summarized in Table 2 . The most common early complication in both groups was minor bleeding (15/121 vs. 15/101; p=0.580). One death occurred in the ES-LBD group from delayed major bleeding and rapid development of hypovolemic shock that did not respond to resuscitation and intervention. The most common late complication in both groups was recurrent cholangitis (2/121 vs. 4/101; p=0.413). Acute cholecystitis occurred in two patients of each group (p=1.000).
Bile duct stone recurrence
Bile duct stone recurred in seven patients from the ES-alone group and seven patients from the ES-LBD group (5.8% vs. 6.9%; p=0.786). Between the two groups, there was no significant difference in sex and age of the patients with bile duct stone recurrence ( 
Risk factors for bile duct stone recurrence
Because there was no significant difference between the ES-alone and ES-LBD groups in respect to potential risk factors for bile duct stone recurrence, risk factors for bile duct stone recurrence in the entire study subjects were investigated. In univariate analysis, the risk factors for bile duct stone recurrence were number of ERCP sessions to clear CBD stones, CBD angle of <135°, need for mechanical lithotripsy, and presence of periampullary diverticulum (Table 3) . Multivariate analysis showed that presence of periampullary diverticulum was the only independent risk factor for bile duct stone recurrence (odds ratio, 7.85; 95% confidence interval, 1.68 to 36.69; p=0.009) ( Table 4) .
DISCUSSION
In this study, the long-term outcome of ES-LBD in patients with CBD stones was not significantly different from that of ES alone with regard to recurrent cholangitis, cholecystitis, and bile duct stone recurrence. This finding may be explained by possible permanent disruption of sphincter function by ES-LBD. Preservation of sphincter function is a well-known advantage of EPBD 9, 10 and has been the basis for lower rate of late biliary complications after EPBD. However, an ex vivo animal study demonstrated that balloons with diameters of ≥12 mm disrupt integrity of the bile duct wall and sphincter function. 6 Because of differences between the ex vivo animal model and humans in clinical practice (i.e., compliance of the bile duct, thickness of the fibromuscular layer, and different anatomy), findings of the animal study may not be directly applicable to clinical practice. 6 Nevertheless, irreversible loss of sphincter function by ES-LBD may result in duodenobiliary reflux similar to that by ES alone. This reflux of duodenal contents into the biliary system may be associated with bacterial colonization and can cause recurrent bile duct stones, ascending cholangitis, and acute cholecystitis. 11 Also, long-term outcome of ES-LBD may have been affected by older age and greater prevalence of gallbladder stone and periampullary diverticulum in this group. Older age and periampullary diverticulum are known risk factors of bile duct stone recurrence. 12, 13 On the other hand, these factors may prompt the use of ES-LBD for stone removal. Gallbladder stone is a known Values are presented as number (%). ES, endoscopic sphincterotomy; LBD, large balloon dilation. Significant overall rate, excluding minor bleeding and hyperamylasemia.
risk factor for bile duct stone recurrence. 14, 15 Cholecystectomy is usually recommended to prevent bile duct stone recurrence. However, the bile duct stone recurrence rate did not differ between the ES-alone and ES-LBD groups with regard to the presence of gallbladder or gallbladder stones. This may result from predominance of brown pigment stones in the study subjects. Also, there have been concerns about papillary stricture in ES-LBD. 16 In this study, there was no papillary stricture during the follow-up.
Bile duct stone recurrence rate after ES-LBD was 6.9%, which was similar to that of previous studies that evaluated ES-EPBD or EPBD alone. 4, 5, 14 There was no significant difference in potential risk factors for bile duct stone recurrence between the ES alone and the ES-LBD group. Therefore, the risk factors for bile duct stone recurrence in the entire study subjects were evaluated. Multivariate analysis showed that presence of periampullary diverticulum was the only independent risk factor for bile duct stone recurrence. This finding was not much different from known risk factors. A previous study showed that the risk factors for CBD stone recurrence after ES only include older age, dilation of the CBD (≥13 mm), previous open or laparoscopic cholecystectomy, presence of periampullary diverticulum, and more acute CBD angulation (≤145°). 17 Known risk factors for recurrent stones after ES and EPBD vary from study to study and include presence of a periampullary diverticulum, gallbladder stones left in situ, dilated CBD, previous cholecystectomy, no confirmation of a clean duct on intraductal ultrasonography, and mechanical lithotripsy. 5, 14, 15, 18 Risk factors for recurrent stones after ES-LBD are less well studied. One recent study reported that a dilated bile duct (≥22 mm) predicted stone recurrence in patients who underwent ES-LBD. 19 Although acute CBD angle did not reach statistical significance in multivariate analysis, this may result in bile stasis and stone recurrence. The number of ERCP sessions needed to clear CBD stones implies multiplicity and difficulty in removing all the stones. To decrease the number of ERCP sessions needed to clear bile duct stones and prevent stone recurrence, intraductal ultrasonography, or direct peroral cholangioscopy may be useful for documenting the complete clearance of bile duct stones, but it is not universally available. [20] [21] [22] On the other hand, the presence of periampullary diverticulum and an acute CBD angle are risk factors that cannot be modified. Still, these are useful in predicting bile duct stone recurrence and in educating patients at high risk.
Limitations of this study are its retrospective, single-center Values are presented as median (range) or number (%). CI, confidence interval; ERCP, endoscopic retrograde cholangiopancreatography; CBD, common bile duct; ES, endoscopic sphincterotomy; LBD, large balloon dilation. design and the small number of patients with bile duct stone recurrence. Further prospective, randomized controlled studies with a longer follow-up period and a greater number of patients are needed to overcome these limitations.
In conclusion, ES-LBD for bile duct stones showed similar complete stone removal rate, long-term complication rate, and stone recurrence rate compared with ES alone. The independent risk factor for stone recurrence was presence of periampullary diverticulum.
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